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(54) *Ught emitting device and dspby* 

(57) The white light emitting cfode c o mprisin g a 
itgjrt emitting component using a semiconductor as a 
lipjrt emitting layer and a phosphor which absorbs a part 
of tight emitted by the Gyltt emitting component and 
emits light of wavelengfli dffarant from that of the 
absorbed light wherein me Bgrrt emitting layer of the 
iiojrt emMng conponent Is a nitride compound semi- 
conductor and the phosphor oontafris Qarnet ftjores- 
cent rnareriai acswareo wim cenum wracn coniats ai 
least one element selected from the gnxp consisting of 
Y, Lu, Sc, La, Qd and Sm, and at least one element 
selected from 1he group consisting of Al, Ga and h and. 
and is subject to less deterioration of emission charac- 
teristic even when used with high luminance for a long 
period of tine. 




a. 



pnnMDyXMa(UK) suMmSmmm 

2.18.7 (HRSPM 



EP1Q17112A2 



Description 

BACKGROUND OF THE INVENTION 
5 (Field of the InvwTtkxi) 

[0001] The present invention relates to a light emitting cflode used In LED dsplay, back light source, traffic signal, 
traitway signal, illuminating switch, indicator, etc. More particularly, it reiatee to a light emitting device (LED) comprising 
a phosphor, which converts the wavelength of light emitted by a light emitting component and emits J#rt, and a dsplay 
10 device using the light emitting device. 

(Description of Related Art) 

[0002] A light emitting cfiode is compact and emits fight of dear color with high efficiency. H Is also free from such a 

is trouble as burn-out and has good initial drive characteristic, high vforation resistance and durability to endure repetitive 
ON/OFF operations, because it is a semiconductor element Thus it has been used widely in such applications as var- 
ious indicators and various light sources. Recently light emitting dtodes for RGB (red, green and blue) colors having 
ultra-high luminance and high efficiency have been developed, and large screen LED displays using these light emitting 
diodes have been put into use. The LED cfeplay can be operated with less power and has such good characteristics as 

20 light weight and long life, and is therefore expected to be more widely used in the future. 

[0003] Recently; various attempts have been made to mate white Sghrt sources by using light emitting diodes. 
Because the light emitting cfiode has a favorable emission spectrum to generate monochromatic light, making a light 
source for white fight requires it to arrange three light emitting components of R, G and B closely to each other while 
diffusing and mixing the light emitted by them. When generating white light with such an arrangement there has been 

a such a problem that white light of the desired tone cannot be generated due to variations in the tone, luminance and 
other Sectors of the light emitting component . Also when the light emitting components are made of afferent materials, 
electric power required for driving drflers from one light emitting dfode to another, making it necessary to appry drfferent 
voltages to different light emitting c o m po nents , which leads to complex drive circuit. Moreover, because the light emit- 
ting components are semiconductor Ight emitting oonponents, ootor tone is subject to variation due to the difference In 

so temperature characteristics, chronological changes and operating environment or jn evenness in color may be caused 
due to failure in uniformly mixing the Ight emitted by the Ight emitting components. Thus Ight emitt^ 
tive as light emitting devices for generating indrvidual colors, although a satisfactory light source capable of emitting 
white light by using Ight emitting conpooents has not been obtained so far. 
[0004] In order to solve these problems^ 

35 vert the color of light, which is omitted by light emitting compone nts , by means of a fluorescent material disclosed in 
Japanese Patent JP-A-5-1S2609, JP-A-7-99S45, JP-A-7-1 76794 and JP-A-8-761 4. The Ight erritting dtodes disclosed 
in these publications ar* such that by using light emitting components of one kind, are capable of generating ight of 
white and other ootoraran&are constituted as fofcws. 

[0005] The Ight emitting dtode disposed in the above gazettes are made by mounting a light emitting compone n t, 
40 having a large energy oand gap of light emrtting layer, in a cup provided at the tp o< a lead frame, and having a fluores- 
cent material that absorbs light emitted by the Ight emitting component and emits Ight of a wavelength dfferent from 
that of the absorbed light (wavelength conversion), contained in a reein mold which covers the light emitting component. 
[0006] The light emitting dkxJe dbckwed as deserted above capable of errttting write light by nxong the light of a 
plurality of sources can be made by using a light emitting component capable of emitting blue tight and molding the light 
45 emitting conponent with a resin tockxfing a fluorescent materiel that absorbs the fight emitted by the blue light emitttog 
cfiode and emits ysHcwish Ight 

[0007] However, conventional light emitting dtodee havesuch problems as deterioration of the fluorescent material 
ieacfing to color tone deviation and darkening of the fluorescent material resulting In lowered efficiency of extracting 
light Darkening here refers to, in the case of using an inorganic fluorescent material such as (Cd, Zn)S fluorescent 

so materia), for ranpl*, part of metal elements constituting the fluorescent material precipitate or change ther properties 
leading to cokxation, or, in the case of using an organic fluorescent material, coloration due to breakage of double bond 
in the molecule. Espeoaty when a light emitting component made of a semiconductor having a high energy band gap 
is used to improve the conversion efficiency of the fluorescent material (that is, energy of Ight emitted by the semicon- 
ductor is increased and number of photons having energies above a threshold which can be absorbed by the fluores- 

55 cent material tareases, resulting in mora tight being abeorbed), or the quantity of fluorescent material consumption is 
decreased (that is, the fluorescent material is irracfiated with relatively higher energy), light energy absorbed by the flu- 
orescent material inevitably increases resulting in more significant degradation of the fluorescent material. Use of the 
light errittffig conponent with higher intensity of light emission for an extended period of time causes further more sig- 
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nificam degradation of the fluorescent material. 

[0008] EP-A-0 209 942 discloses a low pressure mercury vapour discharge lamp. This lamp has a fling comprising 
mercury and a rare gas and a hunwesscenl layer comprising huminescent material whose emission mainly lies in the 
range of 590-630 urn and in the range of 520-565 urn. The fight emrtted by the dfecharge lanp is in a wave length range 
5 which is almost totally invisible and has to be transformed by the huminescent layer to become viable. The lanp is also 
provided with an absorption layer comprising a huminescent aiuminate activated by trivalent cerium and having a garnet 
crystal structure 

[0009] Also the fluorescent material provided in the vicinity of the light emitting component may be exposed to a 
high temperature such as risrg temperature of the light emitting component and heat transmitted from the external 
io environment (tor example, sunlight In case the device Is used outdoors). 

[0010] Further, some fluorescent materials are subject to accelerated deterioration due to combi n ation of moisture 
entered from the outside or introduced during the production process, the fght and heat transmitted from the light emit* 
ting component 

[0011] When it comes to an organic dye of ionic property, drect current electric field in the vicinity of the chip may 
is cause electrophoresis, resulting in a change in the color tone. This lamp cannot reafised as a simple, small ight and 
inex pensive device. 

SUMMARY OF THE INVENTION 

so [0012] Thus, an object of the present invention is to scfcetheprfctterrBdesttfcedabcvea 

device which experiences only extremely low degrees of deterioration in emission ight intensity, light emission effi- 
ciency and color shift over a long time of use with high luminance. 

[0013] The present applicant completed the present invention throutfi researches based on the assumption that a 
light emitting device having a Ight emitting component and a fluorescent material must meet the following requirements 
26 to achieve the above-mentioned object 

(1) The ight emitting component must be capable of emitting light of high luminance with light emitting character- 
istic which is stable ever a long time of use 

30 (2) The fluorescent material being provided in the vicinity of the high-luminance light emitting component must 
shew accelent resistance against light and heat so that the properties thereof do not change even when used over 
an extended period of time white being exposed to fight of high intensity emitted by the light emitting component 
(particularly the fluorescent material provided in the vicinity of the light emitting component is exposed to light of a 
radiation intensity as high as about 30 to 40 times that of sunfighf according to our estimate, and is required to have 

36 moreurabiity against light as light emitting component of higher luminance is used). 

(3) With regard to the relationship with the light emitting component the fluorescent material must be capstoie of 
absobing with high efficiency the litfrt of high nrvxxxJvomafically emitted by the light emitting component and emit- 
ting light of a wavelength different from that of the light emitted by the fght emitting component Thus the present 
40 invention provides a ight emitting devic according to claim 1. The nitride compound semiconductor (generally rep- 
resented by chemical formula fr^Ge^N where 03, 0^, Qskand ty+ka1 ) mentioned above contare various mate- 
rials including InGaN and GaN doped with various impurities. 

[0014] The phosphor mentioned abeve contains various materials defined as descrfced above, including 

45 Y 3 AJ50 12 :Ce and Qc^ln s 0 12 .'CeL 

[0015] Because the Ight emitting device of the present invention uses the light emitting component made of a 
nitride compound semiconductor capable of emitting ight with high luminance, the light emitting device is capable of 
emitting Ighl wtth high luminance. Also the phosphor used in the light emitttog device has excellent resistance against 
ligftteo that the fluorescent properties thereof experience less change &ren when used ever an extended period of time 

so while being exposed to Drfrt of hitfi intensity. This makes it possible to reduce the degradation of characteristics during 
long period of use and reduce deterioration due to licfrt of high intensity emitted by the ight emitting component as well 
as extraneous light (su night including ultraviolet ight etc.) during outdoor use, thereby to provide a light emitting device 
which experiences extremely less color shift and less luminance decrease. The ight emitting device of the present 
invention can also be used in such applications that require response speeds as high as 120 nsec., for example, 

ss because the phosphor used therein allows after glow only for a short period of time. 

[0016] In the ight emitting device of the present invention, the main emission peak of the light emitting component 
is set within the range from 400 nm to 530 rwn and main emission wavelength of the phosphor is set to be longer than 
the main emission peak of the light emitting component This makes it possfale to efficiently emit white ight 
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[001 7J Further in the light emitting device of the present invention, it is preferable that the Ight emitting layer of the 
light emitting component contains a gallium nitride semiconductor which contains In. Other preferred features of 
emborJments of the present invention are descrtoed in the dependent ctaims. 

[0018] The Ight emitting device according to one embodiment of the present invention comprises a substantially 
5 rectangular optfcaJ guide plate provided with the light emitting component mounted on one frontaJ side face thereof and 
except for one principal surface are covered with a reflective material, wherein a ligft emitted by the light errvtting com- 
ponent te turned Into a planar light by the phosphor and tha optical guide plate to be an output from the principal surface 
of the optical guide plate 

[0019] In this embodiment the phosphor is contained preferential in a coating material mometed on said frontal 
io side tee and in direct contact with the light emitting component or is installed on one principal surfeca of the optical 
guide plate not covered by the reflective material. 

[0020] The LED dfepiay device accordmg to the present invention has an LED display device comprising the light 
emitting devices of the present invention arranged in a matrix and a drive droit which drives the LED cfcptay device 
accortfing to cfisptey data which is input thereto. This corrfiguration mates it possHe to provide a relatively bwpriced 

is LED cf splay device which is capable of high-def inition dsptay with less color un evenness due to the viewing angle. 
[0021] Generally, a fluorescent material which absorbs ight of a short wavelength and emits light of a long wave- 
length has higher efficiency than a fluorescent material which absorbs light of a long wavelength and errtts light of a 
short wavelength. It is preferable to use a light emrtting component which emits visible light than a ight emrtting com- 
ponent which emits ultraviolet light that degrades resin (molding material, coating material, etc). Thus tor the light emit* 

20 ting diode of the present invention, for the purpoee of improving the light emitting efficiency and ensure long life, the 
main emission peak of the light emitting corrponent is set within a relatively short wavelength range of 400 nm to 530 
nmin the visible litfit region, and main emission wavelength of the phosphor 

peak of the light emitting component With this arrangement, because light converted by the fluorescent material has 
longer wavelength than that of light emitted by the light emitting component, It wil not be absorbed by the Ight errrtfrg 
25 component even when the light emitting corrponent is irraciated with ight which has been reflected and converted by 
the fluorescent material (since the energy of the converted light is less than the band gap energy). Thus In one anted- 
iment of the present invention, the light which has been reflected by the fluorescent material or the like is reflected by 
the cup wherein the light emitting component is mounted* making higher efficiency of emission poestte 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Rg. 1 is a schematic sectional view of a lead type light emrtting diode according to the embodiment of the present 
35 " sTventoon. 

Fig. 2 is a schematic sectional view of a tip type light emitting diode accorrjng to a second embedment of the 
present invention. 

40 Rg. 3A is a graph showing the excitation spectrum of the garnet fluorescent materia) activated by cerium used in 
the fist embodiment of the present invention. 

Rg. SB is a graph showing the emission spectrum of the garnet fluorescent material activated by cerium used in 
the first embodment of the present invention. 

46 

Rg. 4 Is a f/aph showtog the emission spectrum of the Ight emitting diode of the first embodfcnent of the present 
invention. 

Rg. SA is a graph showing the excitation spectrum of the ytthum-aluminum-gamet fluorescent material activated 
so by cerium used In the second embodiment of the present Invention. 

Rg. 5B is a graph showing the emission spectrum of the yttriurrv^urrir^m-garet fluorescent material activated by 
cerium used in the second embodiment of the present invention. 

55 Rg. 6 shows the chramaticity diagram of light emitted by the ight emitting dkxfe of the second errtoorJment, while 
points A and B indicate the colors of light emitted by the ight emitting component and points C and D inrjeate the 
colors of light emitted by two klnd6 of phosphors. 



4 



EP 1017 112 A2 



Fig. 7 is a schematic sectional view of the planar light source according to another embodiment of the present 
invention. 

Fig. 8 is a schematic sectional view of another planar light source different from that of Rg. 7. 

5 

Rg. 9 is a schematic sectional view of another planar light source different from those of Fig. 7 and Fig. 8. 

Fig. 1 0 is a block diagram of a cfeplay device which isanappl»catk5n ofthepresemirNernicn. 

w Fig. 11 te a plan view of the LED cJsplay device of the display unit of Fig. 10. 

Fig. 12 is a plan view of the LED display device wherein ons pixel is constituted from four light emitting dodes 
including the ight emitting diode of the present invention and those emitting RGB colors. 

;5 Fig. 13A shows the results of durable ife test of the ight emitting dtodes of Exarrple 1 and Comparative Example 
1 , showing the results at 250C and Fig. 13B shows the results of durable fife test of the light emitting diodes of 
Example 1 and Comparative Exanple 1. showing the results at 600C and 90%RH. 

Fig. 14A shows the results of weetherabity test of Exan^ 
so luminance retaining ratio wrth time and Fig. 14B shows the results of weatherabil'rty test of Exanple 9 and Compar- 
ative Example 2 showing the color tone before and after the test 

Fig. 15A shows the results of reiability test of Example 9 and Comparative Example 2 showing the relationship 
between the luminance retaining ratio and time, and Fig. 15B is a graph showing the relationship between color 
25 tone and time. 

Fig. 16 is a chromaticity olagram sharing the range of color tone which can be obtained with a light emitting dkxte 
which combines the fluorescent materials shown in Table 1 and blue LED having peak wavelength at 465 rm 

so Rg. 17 is a chromaticity diagram showing the change in color tone when the con centrati on of fluorescent material 
is changed in the light emitting diode which combines the fluorescent materials shown in Table 1 and blue LED hav- 
ing peak wavelength at 465 nm. 

Rg. 18A shows the emission spectrum of the phosphor (Yo^Qdo.4} s^A 2 :Ca of Example 18A. 

36 

Fig. 16B shows the emission spectrum of the light emitting component of exanple 16B having the emission peak 
wavelength of 460 nm. 

Rg. 18C shows the emission spectrum of the ight emitting dtode of Exanple 2. 

40 

Fig. 19A shows the emission spectrum of the phosphor (Y 0 .2GOo.a) sAlj0 12 :Ce of Example 5. 

Fig. 196 shows the emission spectrum of the light emitting component of Example 5 having the emission peak 
wavelength of 450 nm. 

46 

Rg. 19C shows the emission spectrum of the ight emitting dkxfe of Example 5. 

Rg. 20A shows the emission spectrum of the phosphor Y^gO^Ce of Example 6. 

so Rg. 208 shows the emission spectrum of the light emitting component of Example 8 having the emission peak 
wavelength of 450rm 

Rg. 20C shows the emission spectrum of the ight emitting dkxfe of Example 6. 

ss Rg. 21 A shows the emission spectrum of the phosphor Y 3 (Aio.5G*}.fi)50 12 :Ce of the seventh embodiment of the 
present invention. 

Rg. 21B shows the emission spectrum of the light emitting component of Example 7 having the emission peak 
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wavelength of 450nm. 

Fig. 21C shows the emission spectrum off the light emitting diode of Example 7. 

5 Fig. 22A shows the emission spectrum off the phosphor OVsGdo-^sO^Ce of Example 1 1 . 

Rg. 22B shows the emission spectrum off the phosphor (Yo^Gdo.^sO^Ce of Example 11. 

Fig. 22C snows the amission spectrum of the fght emitting component of Example 1 1 having the emission peaA 
10 wavelength off 470nm. 

Fig. 23 shows the emission spectrum of the fight emitting diode of Example 11. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 

[0023] Now referring to the attached drawings, prefened enrtxxfirnents of the present invention will be descrfced 
below. 

[0024] A Itfrt emitting <fode 100 of Rg. 1 is a lead type ight emitting cfiode having a mourt lead 105 and an inner 
lead 106, wherein a ight emitting component 102 is installed on a cup 1 05a of the mount lead 105, and the cup 105a 

20 is fled with a coating resin 101 which contains a specified phosphor to cover the light emitting component 102 and « 
molded in resin. An n electrode and a p electrode off the iigjrt emitting component 102 are connected to the mount lead 
105 and the toner lead 106. respectively, by means of wires 103. in the Ight emitting ciode constituted as deecnbed 
above, part of ight emitted by the light emrttmg component (LED chip) 102 (hereinafter referred to as LED ight) excites 
the phosphor contained In the coaling resin 101 to generate fluorescent ligtrt having a wavelength offterent from that of 

25 LED ight, so that the fluorescent light emitted by the phosphor and LED light which is output without contributing to the 
excitation of the phosphor are mooed and output As a result the Ight emitting dtode 100 also ou^xjte light having a 
wavelength different from that off LED light emitted by the ight emitting component 102. 

[0025] Rg. 2 shows a chip type tight emitting diode, wherein light emitting dtode (LED chip) 202 is instated in a 
recess of a casftg 204 which Is filed with a coating material which contains a specified phosphor to form a coaling 201 . 
50 The light emitting component 202 is fixed by using an epoxy resin or the like which contains Ag, for example, and an n 
electrode and a p electrode of the Bght emitting component 202 are connected to metal terminals 205 instated on the 
casing 204 by means of conductive wires 203. In the chip type ight emitting diode constituted as described above, sim- 
ilarty to the lead type Bojit emitting dkxfe of Rg. I.fluoreacert light emitted by 

mttted without being absorbed by the phosphor are mixed and output, so that the tight emitttog diode 200 also outputs 
ss light having a wavelength different from that of LED ight emitted by the light emitting component 202. 
The light emitting cfiode containing the phosphor as described above has the following features. 

1. Light emitted by a light emitting component (LED) is usually emitted through an electrode which supplies electric 
power to the ight emitting component Emitted light is partly blocked by the etectrrxfe formed on the light emitting 

40 component resulting in a particular emission pattern, and is therefore not emitted uniformly in every drection. The 
Bght emitting diode which contains the fluorescent material, however, can emit Ight uniformly over a wide range 
without forming undesirable emission pattern because the light is emitted after being diffused by the fluorescent 
material. 

2. Although ight emitted by the light emitting component (LED) has a monochromatic peak, the peak is broad and 
45 has high color rendering property. This characteristic makes an InofspensabJe advantage tor an application which 

requires w a ve to ng ths of a relatively wide range. Light source tor an optical image scanner, for example, is desirable 
to have a wider emission peak. 

[0026] The light emitting dtodes of the first and second embodiments to be described below have the configuration 
so shown in Rg. 1 or Rg. 2 wherein a llpjrt emitting component which uses nitride compound semiconductor having rela- 
tively high energy in the vistole region and a particular phosphor are combined, and have such favorable properties as 
cspa&fty to emit light of high luminance and lees degradation of ight emission efficiency and less color shift over an 
extended period of use. 

[0027] In general . a fluorescent material which absorbs ligjit of a short wavelength and emits light of a long wave- 
ss length has higher efficiency than a fluorescent material which absorbs light of a tong wavelength and emits light of a 
short wavelength, and therefore it is preferable to use a nitride conpound semiconductor fight emitting component 
which is capable of emitting blue light of short wavelength, it needs not to say that the i« of a igrrt enittirig conponent 
having high luminance Is preferable. 
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[0028] A phosphor to be used in combination with the nitride compound semiconductor light emitting component 
mu6t have the following requirements: 

1. Excellent resistance against light to endure light of a high intensity for a tcng period of tine, because the fluores- 
cent material is installed in the vicinity of the light emittfrig components 102, 202 and is exposed to light of intensity 
as high as about 30 to 40 times thai of sun light 

2. Capability to efficiently emit light in blue region for the excitation by means of the light emitting components 102, 
202. When mixing of colors is used, should be capable of emitting blue fight not ultraviolet ra* with a high effi- 
ciency. 

3. Capability to emit light from green to red regioris tor the purpose of n^ with blue light to generate white Bght 

4. Good temperature characteristic suHatte for locator* the vi^^ 

the resultant influence of temperature difference due to heat generated by the chip when lighting. 

5. CapabWy to continuously change the color torohtwm 
rally of fluorescent materials. 

6. Weathembiiity for the operating environment of the ight emitting diode 
Embodiment 1 

[0029] The light emitting diode cf the first errtoodmeot of the present invention employs a galiun nitride compound 
semiconductor eiernent which has high-energy band gap in the lijW emitting layer and is capable of emitting blue ight, 
and a garnet phosphor activated wtth cerium In combination, with this configuration, the Ight emitting dtode offteffrst 
embodiment can emit white Ight by blending blue light emitted by the ight emitting components 102, 202 and yellow 
ligftt emitted by the phosphor excited by the Hue ight 

[0030] Because the garnet phosphor activated with cerium which Is used hi the light emitting dtode of the frst 
embodiment has light resistance and weatherabfity, it can emit light with extremely small degrees of color shift and 
decrease in the luminance of emitted Ighrt even when irradiated by very intense Itfit emitted by the light emitting com- 
ponents 102. 202 located in the vicinity over a long period of time. 

[0031 ] Component s of the light emitting diode of the first entafment will be deserted in detail below. 
(Phosphor) 

[0032] The phosphor used in the ight emitting dode of the first embedment is a phosphor which, when excited by 
viable ight or ultraviolet ray emitted by the semiconductor Ight emitting layer, emits light of a wavelength different from 
that of the exciting light. The phosphor is specifically garnet fluorescent material activated with cerium which contains 
at least one element selected from Y, Lu, 3c La, Qd and 3m and at least one element selected from Ai, Qa and in. 
According to the present invention, the fluorescent material is preferably ytlrium-aiurrinum-garnet fluorescent materia] 
(YAQ phosphor) activated with cerium, or a fluorescent material represented by general brmUa (Re^rSmj 
sGagJsO^rCe, where r<1 and and Re is at least one selected from Y and Gd In case the LED litfrt emitted 
by the light emitting component employing the gallium nitride compound semiconductor and the fluorescent light emit- 
ted by the phosphor having yeflcw body color are In the relation of complementary colors, white color can be output by 
blending the LED Ight and the fluorescent Ight 

[0033] In the finst embodiment because the phosphor is used by blending with a resin which makes the coating 
resin 101 and the coating material 201 (detaled later), color tone of the light emitting dtode can be adjusted Including 
white and incandescent lamp color by controiing the mudng proportion with the reeri or the quantity used in fling the 
cup 105 or the recess of the casing 204 in accordance to the wavelength of light emrttBd by the gallium nitride Ight emit- 
ting component 

[0034] Distribution of the phosphor concentration has influence also on the color bJencSng and durabiity. That is, 
when the concentration of phosphor increases from the surface of the coaling or molding where the phosphor is con- 
tained toward the light emitting componen t , it becomes less likery to be affected by extraneous moisture thereby making 
it easier to suppress the deterioration due to moisture, On the other hand, when the concentr a tion of phosphor 
increases from the light emitting component toward the surface of the molding, it becomes more Ikery to be affected by 
extraneous moisture, but lees §®ry to be affected by the heal and radiation from the Ight emitting component thus 
making it possible to suppress the detenbratton of the phosprw. Si^ 
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bo achieved by selecting or controlling the material which contains the phosphor, forming temperate and viscosity, 
and the configuration and particle rJstrfcuticn of the phosphor. 

[0035] By using the phosphor of the first embotfmer* light emitting tfode having excellent emission characteristics 
can be made, because the fluorescent material has enough fight resistance for high-efficient operation even when 
5 arranged accent to or in the vicinity of the ight emitting components 1 02. 202 with rarfation intensity (Ee) within the 
range from 3 vVcm'^ 10 Wcm" 2 

[0038] The phosphor used In the first embodment is, because of garnet structure, resistant to heat light and mote- 
turef and is therefore capabe of absorbing excitation igrrt having a peak at a wavelength near 450 nm as shown in Rg. 
3A. It also emits light of broad spectrum having a peak near 580 nm tailing out to 700 nm as shown in Rg, SB. Moreover, 

10 efficiency of excited Ight emission in a region of wavelengths 460 nm and higher can be Increased by Indudng Gd In 
the crystal of the phosphor of the first embodiment When the Oct content is increased, emission peak wavelength is 
shifted toward longer wavelength and the entire emission spectrum is shitted toward longer wavelengths. This means 
that, when emission of more redrish light is required, rt can be achieved by increasing the degree of substitution with 
Gd. When the Gd content is increased, luminance of light emitted by photriurrinescsnca uxJer blue light tends to 

15 decrease 

[0037] Especiafy when part of AJ is substituted with Ga among the composition of YAG fluorescent material havrtg 
garnet structure, wavelength d emitted ight shifts toward shorter wavelength and, whenpartofYissiiMtitutedwftoGd, 
wavelength of emitted fight shifts toward longer wavelength. 

[0038] Tabie 1 shros the composition and Bgftt emrtttog characteristics of YAG fluorescent materia! represented by 
20 general formula (Y 1hi , Gd^Al^GfibfeO-, 2 : Ce. 
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0.45 


0.53 
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0.0 


0.47 


0.52 
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0.0 


0.49 


0.51 


97 


113 


7 


0.8 


0.0 


0.50 


0.50 


72 


86 



40 [0039] Values shown in Table 1 were measured by exciting the fluorescent material with blue light of 460nm. Lumi- 
nance and efficiency in Table 1 are giver in values relative to those of material No, 1 which are set to 100. 
[0040] When substituting Al with Ga, ihe proportion is preferably within the range from Ga: AI»1 :1 to 4.-6 in consid- 
eration of the emission efficiency and emission wavelength. Similarly, when substituting Y with Gd, the proportion is 
preferably within the range from Y: G<**:1 to 1 3, and more preferabry from 4:1 to 2:3. ft is because a degree of substi- 

45 tutkxi wfm Gd below 20% resufts In a color 

sUtutton with Gd above 60% results in increased red component but rapid decrease in iuninance. When the ratio Y:Gd 
of Y and Gd in the YAG fluorescent material is set within the range from 4:1 to 2:3, in particular, a Ight emitting diode 
capable of amrrthg white light substantially along the black body radiation locus can be made by using one kind of 
yttriurn-aJurnintiTvgarnet fluorescent material, depenrjng on the emission wavelength of the light emitting component. 

so When the ratio Y:Gd of Y and Gd in the YAG fluorescent material is set within the range from 2:3 to 1 :4, a Igrrt emitting 
dtode capable of emitting fight of incandescent lamp can be made though the luminance is low. When the content 
(degree of substitution) of Ce is set within the range from 0.003 to 02, the relative luminous intensity of light emitting 
cfiode of not less than 70% can be achieved. When the content is less than 0.0O3, luninous intensity decreases 
becau6e the number of excited emission centers of photolumine6cence due to Ce decreases and, when the content is 

ss greater than 0.2, density quenching occus. 

[0041] Thus the wavelength of the emrtted light can be shifted to a shorter wavelength by substituting part of AJ of 
the composition with Ga, and the wavelength of the emitted light can be shrftad to a longer wavelength by substituting 
part of Y of the composition with Gd. in this way, the Ight color of emission can be changed conlin uouery by changing 
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the composition. Also the fluorescent material is hardly excited by Hg emission lines which have such wavelengths as 
254 nm and 365 nm, but is exttfed with higher efffceri^ 

a wavelength around 450 nm. Thus the fluorescent material has ideal characteristics for converting Hue light of nitride 
semiconductor light emitting component into white light, such as the capability of continuously changing the peak wave- 

5 length by-chanpng the proportion of Qd. 

[0042] Accord rig to the first embodiment the efficiency of light emission of the fight emitting cfode can be further 
Improved by combining the light emitting component employing gallium nitride semiconductor and the phosphor made 
by adding rare earth element samarium (Sm) to yttrium-aluminum-garnet fluorescent materials (YAG) activated with 
cerium, Material for making such a phosphor is made by using oxides of Y, Qd, Ce.Sm. Al and Ga or compounds which 

w can be easfly converted Into these oxides at high temperature, end sufficiently mbdng these materials In stofchiomrfncaJ 
proportions. This mixture is mixed with an appropriate quantity of a fluoride such as ammonium fluoride used as a flux, 
and fired in a crucible at a temperature from 1 350 to 1 4500C in ak for 2 to 5 hours. Then the fred material is ground by 
a ball mil in water, washed, separated, dried and sieved thereby to obtain the desired material. 
[0049] In the producing process described above, the mixture material may also be made by dtesoMng rare earth 

;5 elements Y, Gd, Ce and Sm in stoichiometrical proportions in an acid, copreciprtating the solution with oxalic acid and 
firing the copreopitate to obtain an oxide of the copredpttaie, and then mbdng it with aluminum oxide and gallium oxide. 
[0044] The phosphor represented by the general formula (Yi-^^Ce^JgAlsOja can emit light of wave- 
lengths 460 nm and longer with higher efficiency upon excitation, because Qd is contained in the crystal When the con- 
tent of gadolinium is increased, peak wavelength of emission shifts from 530 nm to a longer wavelength up to 570 nm, 

20 while the entire emission spectrum also shifts to longer wavelengths. When light of stronger red shade is needed, it can 
be achieved by increasing the amount of Gd added for substitution. When the content of Gd is increased, luminance of 
photofajmineecence with blue light gradually decreases. Therefore, value of p is preferably OS or lower, or more prefer- 
ably 0 7 or lower. Further more preferably it is 0 6 or lower. 

[0045] The phosphor represented by the general formula 0^i^r^>Ce^Snrv)sAI^O 12 including Sm can be made 
26 subject to less dependence on temperature regardless of the increased content of Qd. That is, the phosphor, when Sm 
Is contained, has greatly Improved emission luminance at higher tempe ra tures. Extent of the Improvement Increases ss 
theGd content is increased. Temperature characteristic can be greatly improved particularly by the addfton of Sm in 
the case of fluorescent material of such a composition as red shade is strengthened by increasing the content of Gd, 
because H has poor temperature characteristics. The temperature characteristic mentioned here Is measured In terms 
30 of the ratio (%) of emission luminance of the fluorescent material at a high temperature (2000C) relative to the emission 
luminance of exciting blue light having a wavelength of 450nm at the normal temperature (25*C). 
[0046] The proportion of Sm is preferably within the range of 0.0003^:^0 .08 to give temperature characteristic of 
60% or higher. The value of r below this range leads to less effect of improving the t emper a ture characteristic. When 
the value of r is above this range, on the contrary, the temperature characteristic deteriorates, The range of 

6 O.G007£rsO.Q2 for the proportion of Sm where temperature characteristic becomes 80% or higher is more desirable. 
[0047] The proportion q of Ce is preferably in a range of O.OQSSqsO.2, which makes relative emission luminance of 
70% or higher possible. The relative emission lurninance refers to the emission luminance in terms of parentage to the 
emission luminance erf a fluorescent material where o=0.03. 

• [0048] When the proportion q of Ge is 0.003 or lower, luminance decreases because the number of excited emis- 
40 sion centers of prwtoluminescence due to Ce decreases and, when the q is greater than 02, density quenching occurs. 
Density quenching refers to the decrease in emission intensity which occurs when the concentration of an activation 
agent added to increase the luminance of the fluorescent material is increased beyond an optimum level. 
[0049] A mixture of two or more kinds of phosphors having compositions of (Y 1 ^ M ^ f Qd p C^,Sm r ) 3 Al50 12 having dif- 
ferent contents ofAI.Q&YandQeorSm may also be used. This increases the RGB components and enables the 
46 application, for example, tar a fuTcoior Ikyjld crystal display device by using a odor flter. 

(Light emitting componen ts 102. 202) 

[0060] The light emitting component is preferably embedded in a mow ng material as shown in Fig. 1 and Rg. 2. 

so The light emitting component used in the Ight emitting diode of the present invention is a gaium nitride compound sem- 
iconductor capable of efficiently exciting the garnet fluorescent materials activated with cerium. The ight emitfrrg com- 
ponents 102, 202 employing gaiium nitride compound semiconductor are made by forming a ight emitting layer of 
gal i um nitride semiconductor such as InQaN on a substrate in the MOCVD process. The structure of the light emitting 
component may be homostructure, hetero6tructure or doubie-hetero6tructure which have MIS junction, PIN junction or 

ss PN junction. Various wavelengths of emission can be selected depending on the material of the semiconductor layer 
and the crystafnity thereof. It may also be made in a single quantum wefl structure or multiple quantum well structure 
where a semiconductor activation layer Is fermed as tWn as quarttomeWed can occur 
tion v aligNmtttogdkxieca^ luminance wftrxx* deteriorate of th^ 
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by making the activation layer of itie litfit emitting component in single quantum well structure of inGaN. 
[0051] When a gallfijm nitride compound semiconductor is used, while sapphire, spimei, SIC, Si, ZnO or the like 
may be used as the semiconductor substrate, use of sapphire substrate is preferable in order to torm galium nitride of 
good crystalinrty A gallium nitride semiconductor layer is formed on the sapphire substrate to form a PN junction via a 
Buffer layer of GaN.AJN.ete.The gaium nitride semiconductor has N type conductivity under the condition of not doped 
with any impurity, although in order to form an N type gallium nitride semiconductor having desired properties (carrier 
concentration, etc.) such as Improved light emission efficiency. It Is preferably doped with N type dopant such as SI, Qe. 
Se, Te, and C. in order to torm a P type galium nitride semiconductor, on the other hard, it is preferably doped with P 
type dopant such as Zn, Mg, Be, Ca. Sr and Ba. Because it Is difficult to turn a galium nitride compound semiconductor 
to P type simply by doping a P type dopant It Is preferable to treat the gaium nitride compound semiconductor doped 
with P type dopant in such process as h eating in a furnace, irradiation with low-speed electron beam and plasma irra- 
diation, thereby to turn it to P type. After exposing the surfaces of P type and N type gaium nitride semiconductors by 
the etching or other process, electrodes of the desired shapes are formed on the semiconductor layers by sputtering or 
vapor deposition 

[0OS2] Then the semiconductor wafer which has been formed is cut into pieces by means of a airing saw, or sepa- 
rated by an externa] force after cutting grooves (haif-cut) which have width greater than the Hade edge width. Or other- 
wise, the wafer is cut into chips by scribing grid pattern of octremety fine Ines on the semiconductor water by means of 
a scriber having a diamond stylus which makes straight reciprocal movement Thus the Ight emitting component of gal- 
lium nitride compound semiconductor can be made. 

[0053] In order to emit white light with the fight emitting dfode of the first embedment, wavelength of light emitted 
by the light emitting component is preferably from 400nm to 530nm inclusive in consideration of the complementary 
color relationship with the phosphor and deterioration of resin, and more preferably from 420 nm to 490 nm inclusive. It 
is further more preferable that the wavelength be from 450nm to 475nm, in order to inxxove the emission efficiency of 
the Ight emitting component and the phosphor. Emission spectrum of the white Ight emitting <Jode of the tirct enfcod- 
iment is shown in Rg. 4. The light emitting component shown here is of lead type shown In Fig. 1, which employs the 
light emitting component and the phosphor of the first embodiment to be described later. In Rg. 4, emission having a 
peak around 450 nm is the light emitted by the fight emitting component, and emission having a peak around 570 nm 
is the phctoiuminescent emission excited by the fight emitting component 

[0054] Fig. 18 shows the colors which can be represented by the white light emitting dkxle made by combining the 
fluorescent material shewn in Table 1 and blue LED (fight emitting component) having peak wavelength 465nm. Color 
of light emitted by this white S^it emitting diode corresponds to a point on a straight line connecting a point of chroma- 
ticity generated by the blue LED and a point of chromaticity generated by the fluorescent material, and therefore the 
wide white color region (shaded portion in Rg. 1 6} in the central portion of the chromaticity diagram can be futy covered 
by using the fluorescent materials 1 to 7 in Table 1 . 

[0066] Fig. 17 shows the change in emission color when the contents of fluoreecert materials in the white fights 
ting dtode is changed. Contents of fluorescent materials are given in weight percentage to the resin used in the coaling 
material- As will be seen from Rg. 1 7, color of the fight approaches thai of the fluorescent materials when the content 
of fluorescent material is increased and approaches that of blue LED when the content of fluorescent material is 
decreased. 

[0056] According to the present invention, a light emitting corqponent which does not excite the fluorescent material 
may be used together with the light emitting component which emits fight that excites the fluorescent material. Specifi- 
cally, in addition to the fluorescent material which is a nitride compound semiconductor capable of exciting the fluoree- 
cent material, a fight emitting component having a light emitttog layer made of galium phosphate, gaium aluminum 
arsenide, gaifium arsenic phosphate or iridium aluminum phosphate is arranged together. With this configuration, light 
emitted by the light emitting component which does not excite the fluorescent material Is racist ed to the outside without 
being absorbed by the fluorescent material, making a light emitting cfiode which can emit red/white light, other compo- 
nents of the ight emitting dodee of fig.1 and Rg. 2 will be described beiow. 

(Conductive wires 103, 203) 

[0057] The conductive wires 103, 203 should have good electric conductivity, good thermal conductivity and good 
mechanical connection with the electrodes of the light emitting components 1 02, 202. Thermal conductivity is preferably 
0.042] (0.01cal) /(s) (cm 2 ) {*C /cm) or higher, and more preferably 2,09j (0.5 caMs) (cm 2 ) CGfcm) or higher. For work- 
ability, (femeter of the conductive wire is preferably from 1 0pm to 45pm inclusive Even when the same materia) is used 
for both the coating inducing the fluorescent material and the molding, because of the effterence in thermal expansion 
coefficient due to the fluorescent material contained in either of the above two materials, the conductive wire is likely to 
break at the interface. For this reason, diameter of the conductive wire is preferably not less than 25pm and, for the rea- 
son of fight emitting area and ease off handling, preferably within 35pm. The conductive wire may be a metal such as 
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gold, copper, platinum and aluminum or an alloy thereof. When a conductive wire of such material and configuration is 
used, it can be easily connected to the electrodes of the light emitting components, the inner lead and the mount lead 
by means of a wire bonding device. 

5 (Mount lead 105) 

[0058] The mount lead 105 cornprtsec a cup 105e and a lead 105b, and It suffices to neve a size enough tor mount- 
ing the Bght emitting component 102 with the wire bcndng device in the cup 105a. in case a plurality of light emitting 
components are installed in the cup and the mount lead Is used as common electrode tor the fight emitting component 

70 because different electrode materials may be used, sufficient electrical conductivity and good conductivity with the 
boncfng wire and others are required. When the light emitting component is instafled in the op of the mount lead and 
the cup is filled with the fluorescent material, fight emitted by the fluorescent material is, even if isotropic, reflected by 
the cup in a desired drecticn and therefore erroneous illumination due to light from other light emitting dode mounted 
nearby can be prevented. Erroneous lumination here refers to such a phenomenon as other light emitting dode 

is mounted nearby appearing as though fighting despite not being supplied with power. 

[0069] Bonding of the light emitting component 1 02 and the mount lead 105 with the op 105a can be achieved by 
means of a thermoplastic resin such as epaxy resin, acrylic resin and Mde resin. When a face-down light emitting com- 
ponent (such a type of light emitting component as emitted light is extracted from the substrate side and is conf igured 
for mounting the electrodes to oppose the cup 105a) is used, Ag paste, carbon paste, metallic bump or the like can be 

20 used for bonding and electrically connecting the light emitting component and the mount lead at the same time Further, 
in order to improve the efficiency of fight utilization of the light emitting dtode, surfaced the op of the mount teed wher- 
eon the light emitting component is mounted may be mirror pdished to give reflecting function to the surface. In this 
case, the surface roughness is preferably from 0.1S (Japanese unit according to ISO 468 of 1 982) to 0.8 S( Japanese 
unit according to ISO 468 dt 1 982) inclusive. Bectric resistance of the mount lead is preferably within 300m>cm and 

25 more preferably within 3fiQ -cm. When mounting a plurality of light emitting components on the mount lead, the light 
emitting components generate sign! leant amount of heat and therefore high thermal conductivity is required, Jfcedfl- 
caily, the thermal conductivity is preferably 0,042) (0.01 caiy(s) (cm?) (tVcm) or higher, and more preferably 2,09j (0 5 
cal)(s) (cm 2 ) fC/cm) or higher. Materials which satisfy these requirements contain steel, copper, copper-dad steel, 
copper-dad tin and metallized ceramic s . 

30 

(Inner lead 106) 

[0060] The inner lead 106 is connec te d to one of electrodes of the fight emitting component 102 mounted on the 
mount lead 105 by means of conductive wire or the like. In the case of a fight emitting diode where a plurality of the light 

as emitting c ompo ne n ts are installed on the mount lead, it is necessary to arrange a plurality of inner leads 106 in such a 
manner that the conductive wiree do not touch each other. For example, contact of the conductive wires with each other 
can be prevented by increasing the area of the end face where the inner lead is wire-bonded as the dstance from the 
mount lead inaeases so that the space between the conductive wires Is secured. Surface roughness of the inner lead 
end face connecting with the conductive wire is preferably from 1.6 S to 10 S (Japanese unit acoorcfing to ISO 468 of 

40 1982) inclusive in consideration of close contact 

[0061] In order to form the inner lead in a desired shape, it may be pinched by means of a die Further, it may be 
made by punching to form the inner lead then pressurizing it on the end lace thereby to control the area and height of 
the end face The inner lead Is required to have good connectivity with the bond rig wires which are conductive wires 
and have good electrical conductivity Specialty, the electric resistance is preferably within 300ptX>cm and more pref- 

46 erably withfci 3fiO-cm. Materials whloh satisfy these requirements contain iron, copper, Iron-containing copper, tin-con- 
taining copper, copper-, gold- a sliver-plated aluminum, iron and copper. 

(Coating material 101) 

so [0062] The coattog material 101 is provided in the cup of the mount lead apart from the moklng material 104 and, 
in the first entofme nt , contains the phosphor which converts the light emitted by the light emitting component. The 
coating material may be a transparent material having good weatheratoSty such as epaxy resin, urea resin and sScon 
resin or glass. A dspersant may be used together with the phosphor. As the dspersant, barium tfianate, titanium oxide, 
alLsninum Q3dde, silicon doodde and the Ike are preferably used. When the fluorescent material is formed by sputtering, 

56 coating material may be omitted. In this case, a light emitting dode capable of blending colors can be made by control- 
ling the fim thickness or provicfing an apertire in the fluorescent material layer. 
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(Molding material 104) 

[0063J The molding 104 has the function to protect the light emitting component 102, the conductive wire 103 and 
the coating material 101 which contains phoephor from external disturbance. AccorrJng to the first embodiment ft is 
preferable that the molding material 104 further contain a dspereant, which can unsharpen the directivity of light from 
the Bght emitting component 1 02, resulting in increased angle of view. The molding material 1 04 has the function of lens 
to focus or drffuse the light emitted by the light emitting component. Therefore, the molding material 1 04 may be made 
m a configuration of convex lens or concave lens, and may have an eliptic shape when viewed in the direction of optical 
axis, or a combination of these. Also the molding material 1 04 may be made ki a structure of multiple layers of different 
materials befcg laminated. As the molding material 104, transparent materials having high weatherablllty such as epoxy 
reein, urea resin, silicon resin or glass is preferably employed. As the (fcpersant, barium titanate, titanium oxide, aium- 
num Gride, silicon decide and the like can be used. In addition to the dispersant. phosphor may also be contained in 
the molding material. Namely, according to the present invention, the phosphor may be contained either r the molding 
material or in the coating material. When the phosphor is contained in the molting material, angle of view can be further 
increased. The phosphor may also be contained in both the coating material and the molding material. Further, a resin 
including the phosphor may be used as the coating material whle using £ass, different from the coating material, aa 
the molding material. This mates rt posstte to manufacture a light emitting diode which is less subject to the influence 
of moisture with good productivity. The motcfing and the coating may also be made of the same material in order to 
match the refractive Index, depending on the appication. AooorrJng to the present invention, adding the cfispersant 
and/br a coloration agent in the mottng material has the effects of masting the color of the fluorescent material 
obscured and Improving the color mixing performance. That is, the fluorescent material absorbs blue component of 
extraneous Bght and emits Bght thereby to give such an appearance 8S though colored in yellow. However, the dteper- 
sant contained in the molcfing material gives n*y white color to the molrjng material and the coloration agent renders 
a desired odor. Thus the color of the fluorescent material will not be recognized by the observer. In case the Ight emit- 
ting component emits light having main wavelength of 430nm or over, it is more preferable that ultraviolet absorber 
which serves as light stabilizer be contained. 

Different Embodiment 

[0064] The ight emitting dtode ofanother embo di ment is made by using an element provided with gafium nitride 
compound semiconductor which has Wtfienergy band gap in the ight emitting layer as the light emitting conponent 
and a fluorescent material including two or more lends of phosphors of different compositions, or preferably yttriuro-alu- 
minunhgamet fluorescent materials activated with cerium as the phosphor. With this corfiguratton, a light emittrg 
diode which alows to give a desired cotor tone by controlling the contents of the two or more fluorescent materials can 
be marje even when the wavelength of the LED light emitted by the light emitting component deviates from the decked 
value due to variations in the production process. In this case, emission odor of the iptf emitting diode can be made 
* constantly using a fluorescent material having a relatively short emission wavelength for a light emitting component of 
g*etative(y short emission wavelength and using a fluorescent material having a relatively long emission wavelength for 
alight emitting component of a relatively long emission wavelength. 

[0066] As tor the fUxescent material, a fluorescent material represented by general formula (Re^ Sm^Al.,- 
a Ga^ 12 :Ce may also be used as the phosphor. Here0s*<1 and 0£5£1. and Re is at least one selected from Y, Gk) 
and La. This configuration makes it possible to minimize the denaturing of the fluorescent material even when the fluo- 
rescent material is exposed to high-intensity high-energy visUe light emitted by the lirjrt emitting component for a long 
period of time or when used inder various environmental conditions, and therefore a light emitting dtode which is sub- 
ject to extremely Insignificant color shift and emission luminance decrease and has the desired emission oompon ent of 
high luminance can be made. 

(Phosphor of the efftorent embodiment) 

[0066] Na* the phosphor used In the light emitting component of the above embodiment wi bedescrbed in detail 
below. This embodiment is similar to the first embodiment, except that two or more kinds of phosphors of drffererrt com- 
positions activated with cerium are used as the phosphor, as described above, and the method of using thefUore6cent 
material is basically the same. 

[0067] Similarly to the case of the first e m bcd fcnent, the light emitting diode can be given high weatherability by con- 
trolling the *trfcu1kyi of the ph^^ 

ponent). Such a distribution of the phosphor concentration can be achieved by selecting or controlling the material 
which contains the phosphor, forming temperature and viscosity; and the configuration and particle dtetrfoution of the 
phosphor. 
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Thus according to this embodiment tfstributicn of the fluorescent material concentration is determined according to the 
operating conditions. Also according to this ernbodment efficiency of fight emission can be increased by designing the 
arrangement ol the two or more kinds of fluorescent materials {lor example, arranging in the order of nearness to the 
light emitting component) according to the light generated by the light emitting component. Wrth the configuration of this 
embodiment similarly to the first embodiment, fght emitting diode has high efficiency and enough light resistance even 
when arranged adjacent to or in the vicinity of relatively high-output Btfit emitting component with radiation intensity 
(Ee) within the range from 3 Worn" 2 to 1 0 Wcnr 2 . 

[0068] The yttrium^rrwL*n^arnet fluorescent material activated with ceriun (YAQ fluorescent material) used ri 
this embodiment has garnet structure sffritarty to the case of the first embodiment, and is therefore resistant to heat 
llgjrt and moisture. The peak wavelength of excitation of the yttriurrvalurrtaum^gamet fluoresce material of this 
embodiment can be set near 450 nm as indicated by the solid fine in fig. 5A, and the peak wavelength of emission can 
be set near 51 Onm as indicated by the solid fine in Fig. 5a while mating the emission spectrum so broad as to tai out 
to 700nm. This makes it possible to emit green fight The peak wavelength of excitation of another yttriurrvalumium- 
gamet fluorescent material activated with cerium of this embodiment can be set near 450 nm as indcated by the dashed 
line in fig. 5A, and the peak waveiength of errw»cn can be set near SOOnm as irxScated by the dashed fine in Fig. SB, 
while making the emission spectrum so broad as to tail out to 750nm This makes it possible to emit red light. 
[0069] Wavelength of the emitted light is shifted to a shorter wavelength by substituting part of Al, among the con- 
stituents of the YAQ fluorescent material having garnet structure, with Ga, and the wavelength of the emitted light is 
shifted to a longer wavelength by substituting part of Y with Gd andfor La. Proportion of substituting Al with Gars pref- 
erably from Ga Al=i :1 to 4 6 in consideration of the light emitting efficiency and the wavelength of emteaion. Similarly, 
proportion of substituting Y wrth Gd and/or La is preferably from Y:Gd and/or La«9:1 to 1:9, or more preferably from 
Y<Bd and/a La=4: 1 to 2.-3. Substitution of less than 20% results in an increase of green component and a decrease of 
red component Substitution of 80% or greater part, on the other hand, increases red component but decreases the 
luminance steeply. 

[0070] Material for maWng such a pno6phor is made by using oxides of Y Gd, Ce, La. Al, Sm and Ga or compounds 
which can be easily converted into these oddes «t high temperature, and sufficiently nixing these materials in stolchj- 
ometrical proportions. Or erther, mixture material is obtained 

stoichiometncal proportions in acid, copreopftafcng the solution with oxalic add and firing the copreripitate to obtan an 
oxide of the copredpftate, which Is then mixed with aluminum oxide and gallium oodda This mixture Is mixed wrth an 
appropriate quantity of a fluoride such as ammonium fluoride used as a flux, and fired in a oructte at a temperature 
from 1 350 to 1450 OC in air tar 2 to 5 rxxis. Then the fired matwiaJ is ground by a bail mi in water, washed, separated, 
dried and sieved thereby to obtain the desired material. 

[0071 ] In this embodiment the two or more lends of yttnum-alumin un-gamst fluorescent .materials activated with 
cerium of drfferant compositions may be either used by mixing or arranged independently (laminated, for example). 
When the two a more kinds of fluorescent materials are rrixBd, cokx converting portion can be formed relatively easily 
and in a rrarmar aftable for mass production. When the two or more lends of ftoorescent materials are arranged Inde- 
pendently, color can be adjusted after forming it by laminating the layers until a desired color can be obtained. Also 
when arr&Kpng the two or more Wnds of fluorescent materials independently. It is preferable to arrange a fluorescent 
materia^ that absorbs light from the ight emitting component of a shorter wavelength near to the LED element and a 
fluorescent material that absorbs ligft of a longer wavelength away from the LED element This arrangement ensfcies 
efficient absorption and emission of Ight 

[0072] The Hght emitting diode of this embodiment is made by using two or more krxte of yttrium^minum-garnet 
fluorescent materials of different compositions as the fluorescent materials, as descnbed above. This makes it possible 
to make a light emitting dtode capable of emitting Sght of desired color efficiently. That is, when wavelength of fight emit- 
ted by the semiconductor light emitting component corresponds to a point on the stral^it toe correcting point A and 
posit Bin the chromatid^ lightof any cokx in the shaded region enclosed by points A, B, C and D r 

Fig. 6 which is the chrom al ioty points (points C and D) of the two or more Wnds of yttnurr>aluminum-gamet fluorescent 
materials of dfflenart compositions C8n be emitted. Accorolng to this errixxflrnent cokx can be controlled by changing 
the compositions or quantities of the LED elements and fluorescent materials, in particular, a ight emitting diode of less 
variation fi the emission wsvelentfh can be made by selecting the fluorescent materials according to the emission 
wavelength of the LED element, thereby compensating for the variation of the emission wavelength of the LED element 
Also a light emitting diode inducing RGB components with high luminance can be made by selecting the emission 
wavelength of the fluorescent materials, 

[0073] Moreover, because the yttrtom^unwunvgamet (YAG) fluorescent material used in this embooSment has 
garnet structure, the light emitting dtade of this embodiment can emit light of high luminance tor a long period of time. 
Also the light emitting cfiodes of the first embodiment and this embodiment are provided with Sght emitting component 
installed via fluorescent material. Also because the converted Ight has longer wavelength than that of the light emitted 
by the light emitting component energy of the converted light is less than the band gap of the nitride semiconductor, 
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and* less likely to be absorbed by the nitride semiconductor layer. Thus, although the light emitted by the fluorescent 
material is rfrected also to the LED element because of the isotropy of emission, the light emitted by the fluorescent 
material is never absorbed by the LED element, and therefore the emission efficiency of the light emitting diode will not 
be decreased. 

(Planar light source) 

[0074] A planar light source which is another embodiment of the present invention is shown in Ftq. 7. 
[00751 In the planar light source shown in the Fig. 7. the phosphor used in the first embodment is contained h a 
coating material 701. wtththfc cortlgjj rattan, blue light emitted by the gallium nitride semiconductor is color-converted 
and is output in planar stale via an optical guide piate 704 and a dispersive sheet 706. 

[0076] SpecfltcaJly a light emitting component 702 of the planar Htfit source of Fig. 7 is seared in a metal substrate 
703 of inverted C shape whereon an insUatkxi layer and a conductive pattern (not shown) are formed. After electrically 
connecting the electrode of the fight emitting component and the conductive pattern, phosphor is mixBd with epoxy resin 
and applied into the inverse Oshaped metal substrate 703 whereon the Sght emitting component 702 is mounted. The 
light emitting component thus secured is fixed onto an end face of an acryfc optical guide plate 704 by means of an 
epoxy resin. A reflector film 707 containing a white dffusaon agent is arranged on one of principal planes of the optical 
guide plate 704 where th e tfspersive sheet 706 is not formed, for the ptrpose of preventing fluorescence SmSa/ty, a 
reflector 705 is provided on the entire surface on the back of the optical guide piate 704 and on one end face where the 
light emitting component is not provided, in order to improve the ight emission efficiency. With this configuration, light 
emitting dudes tor planar Igrrt emission which generates Ight of LCD can be made. 

[0077] Application of the light emitting diode for planar light emission to a liquid crystal cfepiay can be achieved by 
arranging a polarizer piate on one princpal plane of the optical giade plate 704 via liquid crystal injected between glass 
substrates (not shown) whereon a translucent conductive pattern is formed. 

[0078] Now referring to fig. 8 and fig. 9, a planar litf* source decoding to another embodmeri of the present 
invention wil be described beiow. The Ight emitting device shown In fig. 8 is made h such a configuration that biue light 
emitted by the light emitting dode 702 is converted to whrte light by a cotor converter 701 which contains phosphor aid 
is output m planar state via an optical guide piate 704. 

[0079] The light emitting dotes shown In fig. 9 Is made In such a conflgmffon that blue Ight emitted by the light 
emitting component 702 is turned to planar state by the optical guide plate 704, then converted to white light by a dfe- 
persive sheet 706 which corrtains phosphor formed on plane of the optical guide plate 704, thereby 

to output white light in planar state. The phosphor may be either contained in the cfcperstve sheet 706 or formed in a 
sheet by spreading tt together with a binder resin over the cfispershre sheet 706. Further, the binder inducing the phos- 
phor may be formed in dots, not sheet directly on the optical guide plate 704. 

(Application) 

(Display device) 

[0080] New a dsplay device accordfcg to the present inversion wi be deeenbed below, fig. lOisablocfcdttffam 
showing the configuration of the display device according to the present invention. As shown in Fig. 10, the display 
device comprises an LED display device 601 and a drive circuit 61 0 having a driver 602, video data storage means 603 
and tone control means 604. The LED dfeptey device 60 1 . having white light emitting diodes 50 1 shown In Fig. 1 or Rg. 
2 arranged in matrix configuration in a casing 504 as shown in fig. 1 1 , « used as rrorKchroriaiic LED dfepiay device. 
The casing 504 is provided wtth a Ight bloddng material 505 being formed Integraly ttwewfth. 
[00B1J The dnVe circuit 61 0 has the video data storage means (RAM) 603 for temporariy storing display data which 
is input the tone control means 604 which confutes and outputs tone signals for controlling the inc&vidual light emitting 
diodes of the LED display device 601 to light wtth the specified brightness according to the data read from RAM 60S, 
and the driver 602 which is switched by signals supplied from the tone control means 604 to drive the light emitting 
diode to ight The tone control drcull 604 retrieves data from the RAM 603 and computes the duration of lighting the 
light emitting diodes of theUED display device 601 , then outputs pulse signals for turning on and off the light emitting 
diodes to the LED eSsplay device 601. in the display device constituted as described above, the led display device 601 
is capable of displaying images according to the pulse signals which are faput from the dive circuit, and has the know- 
ing aovantages. 

[0082] The LED cfsptey device which displays with white light by using light emitting diodes of three colors, RGB, 
is required to display whle controlling the ight emission cutout of the R, G and 3 ight emrtting dtodes and accordingly 
must control the ight emitting diodes by taWng the emission intensity, temperature characteristics and other factors of 
the light emitting dtodes into account resulting in complicate configuration of the drive circuit which drives the LED dfe- 
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play device, in the display device of the present invention, however, because the LED display device 601 is constituted 
by using ligfit emitting diodes 501 of the present invention which can emit white ight without using light emrtting diodes 
of three kinds, RGB. it is not necessary tor the drive circuit to incfividuaiy control the R, G and B tight emitting erodes, 
making rt possfcle to simplify the configuration of the drive circuit and make the dspiay de-ice at a tow cost 
[0063] With an LED dspiay device which displays in white fight by using light emitfrg cSodes of three kinds, RGB, 
the three fight emitting diodes must be illuminated at the same time and the light from the ight witting diodes must be 
mixed In order to display white light by combining the three RGB light emitting dtodes tor each pixel, resulting In a large 
display area tor each pixel and making it impossible to display with high definition. The LED display device of the dspiay 
device according to the present invention, in contrast can display with white Bght can be done with a single light emitting 
diode, and Is therefore capable of display with white light of higher definition. Further, with the LED display device whldi 
displays by mixing the colors of three Bght emitting dtodes, there is such a case as the dspiay color changes due to 
btocMng of some of the RGB light emitting olodes depending on the viewing angle, the LED display device of the 
present invention has no such problem. 

[0064] As described above, the dfeplay device provided with the LED display device employing the Bght emitting 
diode of the present invention which is capable of emitting white ight is capable of displaying stable white light with 
hitfier definition and has an advantage of less cotor unevermesa The LED display device of the present invention which 
is capable of displaying wfth white light aiso inposes less stimulation to the eye compared to the convent anal LED ds- 
piay device which employs only red and green colors, and is therefore suited tor use over a tong period of time. 

(Embodiment of another display device employing the light emitting diode of the preeent invention) 

[0065] The light emitting dfode of the present invention can be used to constitute an LED display device whereto 
one pixel is constituted of three RGB light emitting dtodes and one light emitting dtode of the preeent invention, as 
shown in Fig. 12. By connecting the LED rJsptey device and a spedfied dive circuit a display device capable of dfe- 
pJaytog various images can be constituted. The drive circuit of this display device has, similarly to a case of mono- 
chrome dspiay device, vWeo data storage means (RAM) tor temporarily storing the Input display data, a tone control 
circuit which processes the data stored in the RAM to compute tone signals tor lighting the light emitting dodee with 
specilied brightness and a driver which is switched by the output 6>gnal of the tone control circuit to cause the ight emit- 
ting diodes to illuminate. Tne drive droit Is required exclusively tor each of the RGB light emitting diodes and the white 
light emitting cfiode The tone control circuit computes the duration of fghting the light emitting dodee from the data 
stored in the RAM. and outputs pulse signals for tumtog on and off the Ight emitting diodes. When dspteying with white 
light, width of the pulse signals tor fighting the RGB ight emitting diodes is made shorter, or peak value of the pulse sig- 
nal is made lower or no puts* signal is output at all. On the other hand, a putee signal is given to the white light emitting 
diode in compensation thereof. This causes the LED dteptay device to display with white light 
[0066] As described above, brightness of dspiay can be improved by adding the white light emitting cfiode to the 
RGB fight emitting olodee. When RGB Ight emitting tfodes are combined to cfsplay white light, one or two of the RGB 
colors may be enhanced resulting in a failure to display pure white fight depend ng on the viewing angle, such a problem 
is solved by addng the white light emitting dtode as In this display device. 

[0067] For the drive circuit of such a d splay device as described above, it is preferable that a CPU be provided sep- 
arately as a tone control circuit which computes the pulse signal for lighting the white light emitting dfode with specified 
brightness. The pulse signal which is output from the tone control circuit is given to the white light emitting dtode driver 
thereby to switch the driver. The white fight emitting dtode illuminates when the driver is turned on, and goes out when 
the driver is turned off. 

("Traffic signal) 

[0068] When the fight emitting dtode of the present invention is used as a traffic signal which is a kind of dspiay 
device, such advantages can be obtained as stable lamination over a tong period of tfcne and no color unevennass 
even when part of the light emitting dodes go out Tne traffic signal employing the litftt emitting dtode of the present 
invention has such a configuration as white light emitting daks are arranged on a substrate whereon a conductive pat- 
tern is formed. A circuit of ight emitting diodes wherein such light emitting dtodes are connected in series or paralef is 
handed as a set of fight emitting diodes. Two or more sets of the light emitting dtodes are used, each having the light 
emitting dtodes arranged in spiral configuration. When al fitfrt emitting diodes are arranged, they are arranged over the 
entire area in circular configuration. After connecting power' lines by soldering tor the connection of the light emitting 
diodes and the substrate wrth external power supply, It is secured in a chassis of railway sigrtaJ. Tne LED dspiay device 
is placed in an aluminum diecast chassis equipped with a light blocking member and is sealed on the surface wrth sifi- 
con rubber filler. The chassis is provided with a white cotor lens on the cfisplay plane thereof Electric wiring ol the LED 
disomy device is passed through a rubber packing on the back of the chassis, tor seafrg off the inside of the chassis 
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from the outside, with the inside of the chassis closed Thus a signal of white light is made. A signal of higher reliability 
can be made by dividing the ight emitting diodes of the present invention into a plurality of groups and arranging them 
in a spiral configuration swirling from a center toward outside, whie connecting them in parallel. The configuration of 
swirling from the center toward outside may be either continuous or intermittent Therefore, desired number of the light 
emitting diodes and desired number of the sets of light emitting diodes can be selected depending on the cfisplay area 
of the LED cfiqpiay device. This signal is, even when one of the sets of light emitting diodes or part of the light emitting 
diodes tail to illuminate due to some trouble, capable of illuminate evenly in a circular configuration without color shift 
by means of the remaining set of light emitting diodes or remaining light emitting diodes. Because the light emtfog 
diodes are arranged in a spiral configuration, they can be arranged more densely near the center, and driven without 
any different impression from sigials employing incandescent lamps. 

(Examples) 

[0069] The to! leaving Examples further ilustrate the present invention in detail but are not to be construed to limit 
the scope thereof. 

(Example 1) 

[0090] Example 1 provides a light emitting component having an emission peak at 450nm and a half width of 30nm 
employing a GaJnN semiconductor. The light emitting component of the present invention is made by flowing TMG (tri- 
methyl gallium) gas, TMI (trimethyt indium) gas, nitrogen gas and dopant gas together with a earner gas on a cleaned 
sapphire substrate and forming a gallium nitride compound semiconductor layer in MOCVD process. A gailum nitride 
semiconductor having N type conductivity and a galium nitride semiconductor having P type conductivity are formed 
by switching SiH 4 and CpaMg (bis(cydapentBcSe<TyOrra as dopant gas. The LED element of Example 1 has a 

contact layer which is a gallium nitride semiconductor having N type conductivity, a dad layer which is a galium nitride 
aluminum semiconductor having P type conductivity and a contact layer which Is a gallium nitride semiconductor havtog 
P type conductivity, and formed between the contact layer having N type conductivity and the dad layer having P type 
conductivity is a non-doped InGaN activation layer of thickness about 3 nm for making a single quantum well structure. 
The sapphire substrate has a galium nitride semiconductor layer formed thereon under a low temperature to make a 
buffer layer. The P type semiconductor is annealed at a temperature of 4000C or above after forming the film. 
[0091] After exposing the surfaces of P type and N type semconductor layers by etching, n and p electrodes are 
formed by sputtering. After eenbing the semiconductor wafer which has been made as deecrtoed above, light emitting 
components are made by dividing the wafer with external force. 

[0092] The light emitting component made w\ the above process is mounted in a cup of a mount lead which is made 
of silver-plated eteef by die bonding with epoxy resin. Then electrodes of the light emitting component, the mount lead 
and the inner lead are eJectric^iy connected by wire borrfr^wrthgpWwir3s30>imin cfameter, to make a light emitting 
cfiode of lead type. 

[0093] A phosphor is made by dissolving rare earth elements of Y Qd and Ce In an acid r stoichkxnetricaJ propor- 
tions, and coprecjrtating the solution with oxalic add. oxide of the copredprtate obtained by firing this material is mixed 
with aluminum oxide, thereby to obtain the mixture material. The mixture was then mixed with ammonium fluoride used 
as a fhjx.arxi fired in a CTUc^e at a terrperature of 1400*C in air for 3 hours. Then the fired material is ground by a ball 
mill in water, washed, separated, dried and sieved thereby to obtain the desired material. Phosphor made as deserted 
above is yttriurrhalumaiurrtigarnet fluorescent material represented by general formula (Y 0 sG^ a^sO^Ce where 
about 20% of Y is substituted with 3d and substitution ratio of Ce is 0.0a. 

[0094] 80 Parts by weight of the fluorescent material having a composition of (Y 0 . 8 Qd 0 ^) a Al s O 1 2^e which has 
been made in the above process and 100 parts by weight of epoxy resin are sufficiently mixed to turn into slurry The 
slurry is poured into the cup provided on the mount lead whereon the light emitting component is mounted. After pour- 
ing, the slurry Is cured at 1 30*0 lor one hour. Thus a coating having a thickness of 12041m, which contains the phosphor, 
is formed on the light emrtfrg component In Example 1, the coating is formed to contain the phosphor in gradually 
increasing concentration toward the light emitting component Irrexlation intensity is about aSW/cm 2 . The light emitting 
component and the phosphor are molded with translucent epoxy resin for Ihe purpose of protection against extraneous 
stress, moisture and dust A lead frame with the coating layer of phosphor formed thereon is placed in a bullet-shaped 
die and mixed with translucent epoxy resin and then cured at 150*C for 5 hours 

[0096] Under visual observation of the fght emitting diode formed as described above 'n the direction normal to the 
light emitting plane, it was found that the central portion was rendered yellowish coJorduetothebody color of the phos- 
phor. Measurements of crrornaticity point, coior temperature and color rendering index of the Sgrrt emitting dfcde made 
as desenbed above and capable of emitting white Ight gave values of (0.302, 0.260) for chromatidty point (x y). cdor 
temperature of 8060 K and 87.5 for octor rendering index (Ra) which are approximate to the characteristics of a S-wave- 
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form fluorescent lamp. Light emitting efficiency was 9.5 InVW, comparable to that of an incandescent lamp. Further r 
life tests under conditions of energization with a current of 60mA at 25*0. 20mA at 25°C and 20mAat60 p C with 90% 
RH, no change cfce to the fljorescent material was observed, proving that the light emitting diode had no difference ri 
service life from the conventional blue fight emitting c* ode. 

(Comparative Example 1) 

[009$] Formation of a fight emitting diode and life tests thereof were conducted in the same manner as in Exarrple 
1 except tor changing the phosphor from (Y 0 . 8 Qd 0 ^) 3 Al5O 1 2.'Ce to (ZnCd)S:Cu, Al. The fight emitting diode which had 
been formed showed, Immediately after energization, emission of white fight but with low lurtnanca. In a fife test, the 
output diminished to zero in about 1 00 hours. Analysis of the cause of deterioration showed that the fluorescent mate- 
rial was blackened. 

[0097] Th6 trouble is supposed to have been caused as the light emitted by the light emitting component and mois- 
ture which had caught on the fluorescent materia] or entered from the outside brought about photolysis to make colloi- 
dal zinc to precipitate on the surface of the fluorescent material, resulting in blackened surface. Results of life tests 
under concStions of energization with a current of 20mA at 25°C and 20mA at 60*0 with 90% RH are shown in Fig. 13 
together with the results of Example 1 . Luminance is given in terms of relative value with respect to the initial value as 
the reference. A solid line tndcatee Example 1 and a wavy line inofcates Comparative Example 1 in Fig. 13. 

(Example 2) 

[0006] In Example 2, a light emitting cocnponerrt was made in the same mamer as in Exarrpfe 1 except tor increas- 
ing the content of In in the nitride compound semiconductor of the light emitting component to have the emission peek 
at 460 nm and increasing the content of Qd in phosphor than that of Example 1 to have a corrposffion of 
(Y 0 .eQdo.4)aAl50i 2 :Ca 

[0099] Measurements of chromattefty pointoolor temperature and odor rendering Index of the light emitting dode, 
which were made as deserted above and capable of emitting white light, gave values of (0.375. 0.370) for chromatiaty 
point (x, y),colcr terrperature of 4400 Kand 86.0 lor color rendering index (Ra). fig. 18A, Fig. 18B and Rg.l8C show 
the emission spectra of the phosphor, the light emitting component and the light emitting dode of Example 2, respec- 
tively. 

[0100] 100 pieces of the Bght emitting diodes of Example 2 were made and average luminous intensities thereof 
were taken after lighting tor 1000 hours. In terms of percentage of the luminous intensity value before the life test, the 
average luminous intensity after the life test was 98.8%. proving no difference in the characteristic. 

(Example 3) 

[0101] 100 light emitting diodes were made in thesame manner as in Example 1 except for adding Sm in addition 
to rare earth elements Y.Qd and Ce in the phosphor to mate a fluorescent material with composition of 
( Y 0 33Q d 0'57 < ^o-QsSn\) 0i)3 A %Oi2 the light emitting diodes were made Humiliate at a high temperature of 130 
°C, average temperature characteristic about 8% better than that of Example 1 was obtained- 

(Example 4) 

[0102] LED display device of ExarrpJe 4 is made of the itfit emitting diodes of Example 1 being arranged in a 1 6 x 
16 matrtx on a cerHmtes substrate whereon a oopper pattern Is farmed as shown In Fig. 11. in the LED dtepiay device 
of Example 4, the substrate whereon the Ight emitting dkxfes are arranged is placed in a chassis 504 which is made of 
phenol resin and is provided with a fight blocking member 505 being formed integrally therewith. The chassis, the light 
emitting diodes, the substrate and part of the light bkxttng member, except tor the tips of the light emitttog diodes, are 
covered with Silicon rubber 506 colored in biack with a pigment The substrate and the Ight envting c»odes are sobered 
by means of an automatic sokJertog machine. 

[0103] The LED display device made in the configuration described above, a RAM which temporarily stores the 

input display data, a lone control circuit which processes the data stored in the FWM to comput 

the light emitting diodes with speciied brightness and drive means which is switched by the oufcut signal of the tone 

control circuit to cause the litfit emrtting cfcxtes to iftjm'nate are eiectricafy corrected to make an LED display device. 

By driving the LED cfsptey devices, it was verified thai the apparatus can be used as black and white LED dteplay 

device. 
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(Example 5) 

[0104] The light emitting diode of Example 5 was made in the same manner as in Example 1 except lor using phos- 
phor represented by general tonmuta( YQ.gGdo-a) sAigO^Ce. 100 pieces of the tight emitting diodes of Example S were 
made and measured for various characteristics. Measurement of chromaticity port gave values of (0.450, 0.420) in 
average tor chromaticity point (x, y), and light of incandescent lamp color was emitted. Rg. 19A, Fig. 196 and Fig. 19C 
show the amission spectra of the phosphor, the light emitting component and the Bght emitting diode of Example 5, 
respectively. Although the light emitting diodes of Example 5 showed luminance about 40% lower than that of the light 
emitting cfiodes of Example 5, showed good weatherability comparable to that of Example 1 to fife test 

(Example 6) 

[0106] The light emitting diode of Example 6 was made in the same manner as in Example 1 excepttar using phos- 
phor represented by general formula Y 3 AI 5 0 12 .'Ce. 1 00 pieces of the Bght emitting diodes of Example 6 were made and 
measured tor various characteristics. Measurement of chromaticity point slightly yelowgreenish white light compared 
to ExvTpie 1 was emitted. The light emitting diode of Example 6 shewed good weatherabiity simiar to that of Example 
1 in life ted Rg. 20A, Rg. 20B and Rg. 20C show the emission spectra of the phosphor, the light emitting component 
and the light emitting cScde of Example 6, respectively. 

(Example 7) 

[0106] The light emitting diode of Example 7 was made in the same manner as in Example 1 accept tor using phos- 
phor represented by general formula y^^ ^c s) 5°12 :Ce 100 P 16088 * e "Qto miffing diodes of Example 7 were 
made and measured tor various characteristics. 

[0107] Although the ight emitting cfiodes of Example 7 showed a tow luminance, emitted greenish white light and 
showed good weatherabiity simiar to that of Example 1 1n »fe test Rg. 21 A. Fig. 21 Band Rg. 21 C show the emission 
spectra of the phosphor, the light emitting component and the light emitting dode of Example 7, respectively. 

(Exan^pleS) 

[0108] The light emitting diode of Example 8 was made in the same manner as in Example 1 accept tor using phos- 
phor represented by general formula 06^A^.^3qq e)sOi 2 Ce which does not contain Y. 100 pieces of the light emitting 
cfiodes of Example 8 were made and measured tor various characteristics. 

[01091 Although the Ight emitting cfiodes of Example 8 showed a low luminance, showed good weatherabiity sim- 
ilar to that of Example 1 in life test 

(Example 9) 

[0110] Light emitting diode of Example 9 is planar ight emitting device having the configurate* shown in Rg. 7. 
[0111] lno.05Qao.95N semiconductor having emission peak at 450nm is used as aSgtt emitting component Light 
emitting components are made by flowing TMQ (Irimethyt gailum) gas. TMI (trimethyl indum) gas, nitrogen gas and 
dopant gas together with a carrier gas on a cleaned sapphire substrate and forming a gaiium nitride compoend semi- 
conductor layer in MOCVD process. A gallium nitride semiconductor layer having N type conductivity and a gallium 
nitride semiconductor layer having P type conductivity are formed by switching SiH* and OP^g (bis(cyciopentacJi- 
enyOmagneslun) as dopant gas, thereby forming a PN Jinctioa For the semiconductor light emitting component, a con- 
tact layer which is galum nitride semiconductor having N type conductivity; a clad layer which is gallium nitride 
aJurnmm semiconductor having N type conductivity, a dad layer which is gallium nitride aluminum semiconductor hav- 
ing P type conductivity and a contact layerwhlch Is gallum nitride semicoridLJCtor having P type conductivity are tor med. 
An activation layer of Zn-dcped InGaN which makes a double-hetero junction is formed between the dad layer having 
N type exxductivity and the dad layer having P type ccrriuciivTty. A buffer layer is provided on the sapphire substrate by 
forming gaiium nitride semiconductor layer at a low temperature. The P type nitride semiconductor layer is annealed at 
a temperature of 4000C or above after forming the fim. 

[0112] After forming the semicorriuctor layers and exposing the surfaces of P type and N type semiconductor layers 
by etching, electrodes are formed by sputtering. After scribing the semiconductor wafer which has been made as 
described above, light emitting components are made as Ight emitting components by dividing the wafer with external 
force The ight emitting component is mounted on a mount lead which has a cup at the tip of a siver-plated copper !ead 
frame, by die bond rig with epoxy resin. Electrodes of the Ight emitting corrponert the mount lead and the inner iead 
are eiectricaiy connected by wire bonding with gold wires having a damater of SOjun. 
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[0113] The lead frame with the light emitting component attached thereon is placed in a bulet-ehaped die and 
sealed with translucent epoxy ree'n for molding, which is then cured at 150*C for 5 hours, thereby to form a blue light 
emitting diode. The blue light emitting diode is connected to one end face of an acrylic optical guide plate which is pol- 
ished on afl erxd face* On one surface screen printing is ^plied by using barium titan- 
ate dspersed r an acrylic binder as white color reflector, which is then cured. 

[0114] Phosphor of green and red odors are madebycfssolving rare earth elements of Y, Gd, Ceand La in acid r 
stoichiometrics) proportions, and ccpreciprtaifng the solution with oxalic add. Oxide of the copredpitate obtained by fir- 
ing this material is mixed with aluminum oxide and gallium oxide, thereby to obtain respective mixture materials. The 
mixture is then mixed with ammonium fluoride used as a f lux, and fired in a crucfole at a temperature of 1400 »C in air 
for 3 hours. Then the fired material is ground by a ball mill In water, washed, separated, dried and sieved thereby to 
obtain the desired material. 

[0115] 120 parts by weight of the fret fluorescent material having a composition ol YsfAloeGao.*) s0 12 :Ce and 
capable of emitting green light prepared as descrbed above and 1 00 parts by weight of the second fluorescent material 
having a composition of (YoiGdo.gkAlsO^iCe and capable of emitting red litfit prapared in a process simiar to that 
for the first fluorescent material, are sufficiently mixed with 100 parts by weight of epoxy resin, to form a slurry. The 
slurry is applied uniformly onto an acrylic layer having a thickness of 0.5 mm by means of a multi-coaler, and dried to 
forma fluorescent material layer to be used as a color converting material having a thictaass of about 30|im. The fluo- 
rescent material layer is cut into the same size as that of the principal fight emitting plane of the optical guide plate, and 
arranged on the optical guide plate thereby to form the planar light emitting device. Measurements of chromatidty point 
and color rendering index of the light emitting device gave values of (0.29, 0.34) for chrometicity pdnt (x, y) and 92.0 
for color rendering index (Ra) which are approximate to the properties of 3-wavetorm fluorescent lamp. Light emitting 
efficiency of 12! m/W comparable to that of an incandescent lamp was obtained. Rrtier in weatherabilfty teste under 
condfions of energization with a current of 60mA at room temperature, 20mA at room temperature and 20mA at 60*C 
with 90% RH ( no charge due to the fluorescent material was observed. (Comparative Example 2) 
[0116] Forming of ligW emitting cSode and weatherabiity tests thereof were conducted in the same manner as in 
Example 9 except tor mixing the same quantities of a green organic fluorescent pigment (FA-001 of Synleuch Che- 
rmch) and a red organic fluorescent pigment (FA-005 of Synleuch Chemisch) which are peryJene^erivatjves, instead 
of the first fluorescent material represented by general formula Y 3 (Alo $Gao 4) s0 12 :Ce capable of emitting green light 
and the second fluorescent material represented by general formula (Yo^Gc^ekflgO^Ce capable of emrffirxj red 
light of Example 9. Chromaticrty coordinates of the light emitting diode of Comparative Exanple 1 thus formed were (x, 
y) a (0.34, 0.35). Weatherabity test was conducted by irradiating with litraviofel ray generated by carbon arc for 200 
hours, representing eqiivalent inadatbn of sun light ever a period of one year, whle measuring the luminance retaining 
ratio and color tone at various times during the test period. In a reltabWy test, the fight emitting component was ener- 
gized to emit Igrrt at a constant temperature of 700C while measuring the luminance and color tone at different times. 
The results are shown in Fig. Hand Fig. 15, together with Example 9. As will be dear from Fig. 14andFxj. 15. the light 
emitting component of Example 9 experiences less deterioration than Comparative Example 2. 

(Example 10) 

[0117] The light emitting diode of Example 10 is a lead type Bght emitting diode. In the light emitting dtode of Exam- 
ple 1 0. the Igrrt emitting component having a ight emitting layer of lno.05Gao.95N with emission peak at 450nm which 
ie made in the eame manner as in Example 9 is used. The light emitting component is mounted in the cup provided at 
the tip cf^ afterdated cepperrra Electrodes of the light enttting component, 

the mount lead andthe inner lead were electrically connected by wire borvfng with gold wires. 
[0118] Phosphor Is made by mixing a first fluorescent material represented by general formula Y 3 (AJ 0 . 5 Ga 0 . 5 ) 5 O 12 
:Ce capable of emitting yeen Ight and a second fluorescent material represented by general formula (Y 0 .2Gdoa) 
aAl50 12 :Ce capable of emitting red light prepared a6 follows. Namely, rare earth elements of Y Gd and Ce are solved 
In add in stotehlornetricaJ proportions, and capredptatlng the solution with exale acid. Oxide of the copredpltation 
obtained by firing it is mixed with aluminum coode and gallium oxide, thereby to obtain respective mixture materials. The 
mixture is mixed with ammonium fluoride used as a flux, and fired in a cructxe at a temperature of 1 400°C in air for 3 
hours. Then the fred materia] is ground by a bal mill in water, washed, separated, dried and sieved thereby to obtain 
the first and second fluorescent materials of the specified particle distribution. 
[0119] 40 parts by weight of the first fluorescent material, 40 parts by weic# of the s 

100 parts by weight of epoxy re6in are sufficiently mixed to form a slurry The durry is poured into the cup which is pro- 
vided on the mount lead where* the Ight emitting component is placed. Then the resin including the phosphor is cured 
at 130°C for 1 hour. Thus a coating layer including the phosphor in thickness of I20*im is formed on the ight emitting 
conponer*. Concentration of the phosphor in the coating layer is increased gradually toward the light erritting compo- 
nent Further, the light emitting component and the phosphor are sealed by molding with translucent epoxy resin for the 
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purpose of protection against extraneous stress, moisture and dust A lead frame with the coating layer of phosphor 
formed thereon is placed in a bullet-shaped cfie and mixed with translucent epoxy resin and then cured at 1500C for S 
hoixs. Under visual observation of the light emitting rJode formed as described above in the (fraction normal to the light 
emitting plane, it was found that the central portion was rendered yellowish cdor due to the body cdor of the phosphor. 

5 [0120] Measurements of chromaticity point color temperature and color rendering index of the ight emitting diode 
of Example 10 which was made as descrbed above gave values of (0.32, 0.34) tor chromaticity point (x, y), 89.0 for 
color rendering index (Ra) and light emitting efficiency of 10 1 m/W. Further In weatherab% tests und* conditions of 
energization with a current of 60mA at room temperature, 20mA at room terrperature and 20mA at 60°C with 90% RH, 
no change due to the phosphor was observed, shewing no difference from an ordinary blue f ight emitting dode In the 

io service We characteristic. 

(Example 11) 

[0121] lno.4Qao.5N semiconductor having an emission peak at 470nm is used as an LED element 
13 [0122] Light emitting components are made by flowing TMG (trimethyi gallium) gas, TMI {trimethyi indium) gas, 
nitrogen gas and dopant gas together with a carrier gas on a deaned sapphire substrate thereby to form a gallium 
nitride compomd semiconductor layer ii tie MOCVD process. A gallium nitride semiconductor layer having N type con- 
ductivity and a gaium nitride semiconductor layer having P type conductivity were formed by switching S1H4 and 
CPgMg (bfe(cyctapentacfenyf) magnesium) used as the dopant gas, thereby forming a PN junction. For the LED efe- 
20 merit, a contact layer which is gattum nitride semiconductor having N type conductivity; a dad layer which is gallium 
nitride aluminim semiconductor having P type conductivity and a contact layer which is gallium nitride semiconductor 
haying P type conductivity are formed. An activation layer of non-doped InGaN with thickness of about 3nm is formed 
between the contact layer having N type conductivity and the dad iayer having P type conductivity, thereby to make an- 
gle quantum well structure. A buffer layer is provided on the sapphire substrate by forming a gallium nitride semicon- 
25 ductor layer at a low terrperature. 

[0123] After forming the layers and exposing the surfaces of P type and N type semiconductor layers by atoning, 
electrodes are formed by sputtering. After sorting the semiconductor wafer which is made as described above, light 
emitting components are made by dividing the wafer with an external force. 

[0124] The ilghl emitting component is mounted Inacupatthetlpofa silver-pleied oopper mount lead by cie bond- 
so ing with epoxy resin. Electrodes of the tight emitting component, the mount lead and the inner lead are electricaly con- 
nected by wire borxfing with gold wires having a diameter of 30jun. 

[0125] The lead frame with the fight emitting component attached thereon * placed in a bullet-shaped cie and 
seated with translucent epoxy resin tor moicfing, which is then cured at 150°C for 5 hours, thereby to form a blue light 
emitting cfioda The blue Ight emitting cfiode is connected to one end (ace of an acrylc optical guide plate which is pd- 
38 ished on all end faces, on one surface and side face of the acrylic plate, screen printing is applied by using barium titan- 
ate dispersed in an acrylic binder as white cdor reflector, which is then cured. 

[0126] Phosphor is made by mixing a fluorescent material represented by general formula {Y 0 .aOdo.2}3Al50 1 2^e 
capable of emitting yellow light of relatively short wavelength and a fluorescent material represented by general formula 
OWWsAlsO^Ce capable of emitting yellow light of relatively long wavelength prepared as follows. Namely, rare 

40 earth elements of Y Qd and Ce are solved in acid in stochkjmetrical proportions, and copreoprteting the solution with 
oxalic add. Oxide of the copredpftaikxi obtained by firing it is mixed with aluminum arid* thereby to obtain respective 
mixture material. The mixture is mixed with ammonium fluoride used as a flux, and fired in a crudbe at a terrperature 
of 1 40*C in air for 3 hous. Then the fired material is ground byabal miil in water, washed, separated, died and sieved. 
[0127] 100 parts by weight of yeDcw fluorescent material of relatively short wevelenQth and 100 parts by weight of 

46 yeflowfluorescant materia] of relatively iong wavelength which are made as descrtoed above are suffidsntty mixed with 
1 000 parts by weight of acrylc resin and extruded, thereby to form a fluorescent materia] fim to be used as cdor con- 
verting material of about 180|im in thickness. The fluorescent material fim is cut into the same size as the principal 
emission plane of the optica! guide plate and arranged on the optical guide plate, thereby to male a light emitttog 
device Measurements of chromaticity point and color rendering index of the fight emitting device of Example 3 which 

so is made as described above gave values of (0.33, 0.34) for chromaticity point (x, y), 88.0 for color rendering index (Ra) 
and light emitting efficiency of 101 m/W. Fig. 22A, Rg. 22B and Rg. 22C show emission spectra of the fluorescent mate- 
rial represented by Cfod&od ^sO^rCe e and a fluorescent material represented by general tormtfafYo^Gdo-s) 
3 AI 5 0 1 2:Ce used in Example 11 . Ra 23 shows emission spectrin of the Bght emitting dode of Example 1 1 . Further in 
life tests under conditions of energization with a current d 60mA at room terrperature, 20mA at room temperature and 

ss 20mA at 6Q*C with 90% RH, no change due to the fluorescent materia] was observed. 

[0128] Similarly, desired chromaticity can be maintained even when the wavelength of the ight emitting component 
is changed by changing the content of the fluorescent material. 
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(Example 12) 

[0129] The fight emitting diode of Example 12 was made in the same manner as in Example 1 except for using 
phosphor represented by general formula Y 3 ln50 12 :Ce. 100 pieces of the light emitting diode of Example 12 were 
made. Although the light emitting dode of Example 1 2 showed luminance lower than that of the Ight emrtttog diodes of 
Example 1, showed good weatherability comparable to that of Example 1 in life test 

As described above, the light emltttog diode of the present Invention can emit light of a desfred color and Is subject to 
less deterioration of emission efficiency and good weatherabifity even when used with high luminance tor a long period 
of lima Therefore, application of the light emitting diode is not limited to electronic appliances but can open new appi- 
cations incfcJdlng display tor automobile, aircraft and buoys tor harbors and pons, as well as outdoor use such as sipi 
and iBumi nation tor expressways. 

Claims 

1. A light emitting derice. comprising a light emitting component (102) and a phosphor (101) capable of absorbing a 
part of the light emitted by the light emitting component and emitting Bght of wavelength different from that of the 
absorbed light wherein said light emitting component (102) comprises a nitride compound semiconductor repre- 
sented by the formula: 



where Qd, 04 (kk and 

l*J+k=1 

Inducing InGaN and GaN doped with various Impurities 
and said phosphor contains one, two or more garnet fluorescent materials accortfing to the general formula: 

(F^^Snv^fAI^GaJsOijiCe 

where Q£r<1 and 0£S£l 
and Re is at least one selected from Y and Gd 

and where at least one material contained in the phosphor has rH) and wherein said light emitting component (102) 
is a blue ight emitting cfiode (LED), and wherein said ptosphor is located 

light emitting tfode, and wherein a main emission peak of the light emitting dfede is set within the range from 400 
nm to 530 nm and a main emission wavelength of the phosphor is set to be longer than the main emission peak of 
the Ight emitting component 

2. A light emitting device accordng to claim 1, wherein 0&s<1 . 

& A Ight emitting device according at least one of the preceding claims, wherein the phosphor contains a fluorescent 
material represented by a general formula: 

0^1-p-q-r Gdp Ce, Smj, <AI 1H> Ga. )*0 12 

where OspsOA 0.003^0.2, 0^003^0.08 and 0^1 
and where p is preferably lower than 0.7 and more preferabfy lower than 0.6 
and where r is preferably in the range of 000073*0.02- 

4. A light emitting device acconjng to ciaim 3, wherein Q£3<1 

5. A ight emitting device accordrig to at least one of the preceding claims, wherein the ight emitting layer of the light 
emitting component contains a gailum nitride semiconductor containing In. and the phosphor is an fttrium-aJumi- 
num-gamef fluorescent material wherein a part of Al in the rttriunvaJumfrum^amet fluorescent Is substituted by Ga 
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so that the proportion of Ga:AJ is within the range from 1 :1 to 4:6 and a part of Y is substituted by Gd so that the 
proportion of Y.Gd is within the range from 9:1 to 1 :9 and more preferably in the range from 4:1 to 2:3. 

6. A Ight emitting device, comprising a light emitting conponent (1 02) and a phosphor (101) capable of absorbing a 
part of the light emitted by he Ight emitting component and emitting light of a waveienghth different from that of the 
absorbed light, wherein said fight emitting component (1 02) comprises a nitride compound semiconductor repre- 
sented by the formula 



infGajAlfcN 

where 04, fej, 04t and 



including InGaN and GaN doped with venous impurities 
and said phosphor contains a first fluorescent material represented by a general formula 

where Osssl and a second lluorescent material represented by a general tormuia 

Re^O^Ce 
where Re is at least one selected from Y and Gd. 

and wherein said light emitting component (102) is a blue light emitting diode (LED), and wherein said phosphor is 
located in direct or indirect contact with said blue Ight emitting diode, and whereto a main emission peak of the light 
emitting diode is set within the range of from 400 nm to 530 nm and a main emission wavelength of the phosphor 
is set to be longer than the main emission peak of the ligfrt emitting component 

7. A fight emitting device in accordance with daim 6, wherein 0£s<1 and 



a A figfit emitting dance accortfng to at least one of the preceding daims, wherein the light emitting component (102) 
is instaled on a op (1 05a) of a first mount lead (105), said cup (105a) is filed by coating material (101) to cover 
the fight emitting component (102), wherein the light emitting component (102) has two electrodes, one of which is 
con n ected by means at conducive wire (103) to a second mount lead (106), said Ight emitting component (102). 
said oj> (105«) and said coating material (1 Ch ) are covered by a nx«ing rra 

and said 6econd mount lead (106) are partially covered by said moteing material (104), and wherein said phosphor 
may be contained eHher In the moldng material (104) or In the coating material (101) v In both the ccallrig material 
(101) and the molding material (104). 

9. A light emitting device according to at least one of the preceding daims, whereby the moJoIng material (104) is a 
transparent material such as epoxy resin, urea resin, sacone resin or glass. 

10. A light emitting device acconfng to at least one of the preceding daims, whereby the coaling material (101) is a 
transparent material such as epoxy resin, urea resin, sfloone resin or glass. 

11. A fight emitting device accorolng to at least one of the precedng daims in which the moking material (104) is the 
same as the coating material (101). 
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12. A light emitting device accordng to at least one of the preceding claims, wherein the molding material (104) con- 
tains a depersant such as barium titanate, titanium opcyde. aluminium oxyde or silicon dicxyde. 

13. A Sght emitting device acoorcfng to at least one of the preceding daime, wherein the molting material (104) con- 
tains a coloration agent 

14. A Htfti emitting device according to at least one of the preceding claims, wherein the flghrt emitting component (202) 
is mounted in the recess of a molded eating (204), said casing is fffled by a coating material (201) to cover the light 
emitting component (202). wherein said l&it emitting component (202) has electrodes connected by means of con- 
ductive wires (203) to metal terminals (205) Instated on opposite sides of said casing (204) , and wherein the coat- 
ing material (201) contains said phospnor. 

16. A light emitting device accordng to at least one of the precerJng claims, comprising a substantially rectangular opti- 
cal giide plate (704) being provided with the light emitting component (702) mounted on one frontal side face 
thereof, and except for one principal surface being corered with a reflective material (705). 

16. A light emitting device according to at least one of the precerJng claims, in which said phosphor Is contaried in a 
coating material (701) mounted on said frontal side face and in direct contact with the light emitting component 
(702). 

17. A Ight emitting device according to at least one of the precerJng claims, In which the phosphor (705) is instated on 
one pmcipaJ surface of the optical guide plate (704) not covered by the reflective materia! (705). 

18. A LEO display device comprising devices accordng to at least one of the preceding claims, arranged in a matrix 
and a drive crcut which drives the LRD cfcpfcay device accordng to display data which is input thereto. 
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Fig.3A 
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Fig. 10 
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Fig. 13A 
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Fig. 14A 
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Fig. 15A 
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Fig.18A 
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Fig. 18C 
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Fig. 19A 
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Fig.20A 
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Fig.21A 
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Fig.22A 
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